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SECTION A 
Answer FOUR (4) of the FIVE (5) questions below 
Suggested time 40 minutes 


QUESTION 1 
10 marks (10 MINUTES) 


Explain the differences between natural selection and genetic drift, focusing on the causes, 
the direction and the consequences of each process. 


QUESTION 2 
10 marks (10 MINUTES) 


Describe what an evolutionary tradeoff is, and explain the importance of this concept in the 
evolution of life histories, including examples of life history tradeoffs. 


QUESTION 3 
10 marks (10 MINUTES) 


Describe a manipulative experiment to test the Good Genes Hypothesis in the case of male 
plumage in birds of paradise. Explain whether direct or indirect effects on female fitness are 
being tested. 


QUESTION 4 
10 marks (10 MINUTES) 


What are the limitations of the Morphological Species Concept, the Biological Species 
Concept and the Phylogenetic Species Concept? 


QUESTION 5 
10 marks (10 MINUTES) 


Describe the differences between allopatric, sympatric and parapatric speciation. Contrast 
the geographic and genetic contexts of each mode of speciation. 
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SECTION B 
Answer TWO (2) of the THREE (3) questions below 
Suggested time 30 minutes 


QUESTION 6 
15 marks (15 MINUTES) 


A sample of 100 individuals from a population that is dimorphic at the A locus has genotype 
counts as follows. 

AA: 30 

Aa: 60 

aa: 10 


a) What are the allele frequencies in the population? (2 marks) 


b) What are the expected genotype frequencies, if the population were at Hardy- 
Weinberg equilibrium? (8 marks) 


c) Is the proportion of heterozygotes lower or higher than expected at Hardy-Weinberg 
equilibrium? What deviations from the assumptions of the model would best explain 
the observed difference? (5 marks) 


QUESTION 7 
15 marks (15 MINUTES) 


_ y = 0.98x - 0.01 

E r2 = 0.496 

= 6.2 4 * 

rod e my 

® ? 

= Be os ° 

oy a 

0) 

ae) @ oe? e 

2 54) “ 

a. 

” | T T T T T 
is 5.4 5.8 6.2 
= Biological midparent 


beak depth (mm) 


Copyright © 2004 Pearson Prentice Hall, Inc. 


Figure 1. The regression of midoffspring beak depth on midparent beak depth in song 
sparrows. 


Answer the following using the information in Figure 1: 
a) What is the heritability of beak depth in this species? (4 marks) 


(continued overleaf) 
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QUESTION 7 (continued) 


b) If the mean beak depth of the total parental population is 5.85 mm, but only a group of 
parents with large beaks (mean 6.05) are allowed to breed, calculate the selection 
differential, S. (4 marks) 


c) Using the Breeder’s Equation, predict the response to selection, R, and the mean 


beak depth of the offspring of the selected breeders. (7 marks) 


QUESTION 8 
15 marks (15 MINUTES) 
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Figure 2. The greater prairie chicken’s numbers in Illinois plummeted during the late 20‘ 
century (triangles). During this period, the percentage of eggs that hatched successfully 
(circles) also decreased. Following translocations from other states, hatching improved. 


Answer the following questions based on Figure 2: 


a) Explain how genetic drift caused egg hatching to decrease in the late 1980s and 
1990. (5 marks) 


b) Why did hatching improve following translocations? (5 marks) 
c) What are the general effects of gene flow between populations on (total 5 marks) 
a. The genetic divergence between the populations due to drift, and 


b. The genetic diversity within populations? 
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SECTION C 
Answer all THREE (3) questions 
Suggested time 30 minutes 


QUESTION 9 
8 marks (8 MINUTES) 


Answer all EIGHT (8) parts of this question in your answer booklet. Provide the question 
number and the answer letter, e.g. 9 b. Use a new line for each answer. 
e \llegible or unclear answers will be counted as wrong. 


1. Most species of the Tree of Life are: 
a. Extant 
b. Extinct 


2. Two species with non-overlapping geographic distributions are described as: 
a. Allopatric 
b. Sympatric 


3. Allopatric speciation where a species spreads over an existing barrier, giving rise to a 
new species, is driven by: 
a. Dispersal 
b. Vicariance 


4. Reciprocal monophyly is same as: 
a. Asynapomorphy 
b. Asister group relationship 


5. A taxon is: 
a. Anamed taxonomic unit 
b. A group of species 


6. Parsimony and maximum likelihood are two approaches to: 
a. Bayesian analysis 
b. Phylogenetic analysis 


7. The persistence of a polymorphism through a speciation event, so that fixation occurs 
only in the descendant species, or in their descendants after subsequent speciation, 
is called: 

a. Incomplete lineage sorting 
b. Horizontal transmission 


8. The possession by two or more species of a similar or identical character state that 
has not been derived by both species from their common ancestor is: 
a. Homology 
b. Homoplasy 


QUESTION 10 


12 marks (12 MINUTES) 
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Melibe digitata 
Melibe viridis 


erqoueigope[) 
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Figure 3. Phylogeny of concatenated mitochondrial 16S rRNA, cytochrome c oxidase 1 and 
nuclear histone 3 for tritoniid cladobranchs including Trivettea papalotla. Bayesian posterior 
probabilities are shown above branches. Branch length of the Melibe clade is ~2.3 relative to 
scale bar. Source: Invertebrate Systematics 29(3) 215-222 
http://dx.doi.org/10.1071/IS15002. The three asterisks relate to Question 10 part 6. 
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QUESTION 10 (continued) 


Based on the phylogenetic tree from Hulett et al. (2015; Figure 3, above), answer all six (6) 
parts of this question 


e In your answer booklet provide the question number and the answer letter, using a 
new line for each answer, e.g. 7 Cc. 


9. The ingroup Cladobranchia is: 
a. Monophyletic 
b. Non-monophyletic 


10. The outgroup made up of Bathydoris aioca, Berthella martensi, Chromodoris fentoni, 
Tambja marbellensis is: 

monophyletic and therefore the best choice for this analysis 

monophyletic but that is of no importance in regard to questions about the ingroup 

not monophyletic and therefore not the best choice for this analysis 

not monophyletic but that is of no importance in regard to questions about the 

ingroup 


207 


11.Members of Tritoniidae in the above phylogeny form how many strongly supported 
monophyletic clades? 

a. 1 
b. 2 
C3 
d. more than 10 
12. The placement of Melibe digitata and Melibe viridis is: 

a. Suspicious because long branch attraction may be a factor 

b. Suspicious because the branch is not fully shown 

c. Suspicious because it belongs to an unresolved clade with Cuthonia divae and 

Lomanotus sp. E 
d. Not suspicious because it has a Bayesian posterior probability of the maximum 1 


13. The estimate of phylogenetic relationships of Marionia sp. 10 is sufficient evidence on 
which to base its status as a distinct species: 

Clearly, yes 

Clearly, no 

Maybe, but it depends on the bootstrap support uniting two samples on the tree 

Maybe, but it depends on evidence from other data sources 


a9oo9 


14. The sister group of Tritoniopsis alba with three asterisks to its right-hand side is: 
Tritoniopsis sp. 

Both Tritoniopsis sp. 

Tritoniopsis alba (without asterisks) 

Tritoniopsis frydis 

Both Tritoniopsis sp. and Tritoniopsis alba (without asterisks), and Tritoniopsis frydis 


22909 
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QUESTION 11 
10 marks (10 MINUTES) 


Answer ONE (1) of the following TWO (2) parts, briefly and clearly: 


a) Discuss how you would test hypotheses of dispersal and vicariance in Araucariaceae 
pines. The family is of Gondwanan origin and currently consists of 41 species, 
distributed over New Caledonia, Australia, New Zealand, South America and South 
East Asia. 


b) Explain the relationship between island size, distance from the mainland, and 
biodiversity. 
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SECTION D 
Answer BOTH (2) questions 
Use a separate answer booklet for this section 
Suggested time 20 minutes 


QUESTION 12 
10 marks (10 MINUTES) 


In order for a cuckoo to successfully parasitise a host’s nest, it has to overcome successive 
stages of host defences. Describe the following: 


1) THREE successive stage of defences that are used by the host birds, and 

2) the adaptations that have evolved in cuckoos for overcoming each of them. 
QUESTION 13 
10 marks (10 MINUTES) 
Cooperative behaviour is widely found among animals. Provide the following: 

1) an example of cooperative behaviour between genetically related individuals, and 


2) an example of cooperative behaviour between unrelated individuals. For each of the 
examples, also describe the mechanism(s) involved in maintaining cooperative 
behaviours during their interactions. 


Please remember - This examination paper MUST BE HANDED IN. Failure to do so will 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been 
returned. 


